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pESNC! f-US v* i-ULUTlGS 

irrcduasd by the 

x* i. & f» sirs : 

paragraph 

introduction ........ X 

reosription of thv mixer 2 

Action of the «lxer 9 

Principles of eaaly#!# Involved ................ 4 

iwtoraimtioa of the key for a single ?jsssage whuo a portion 

of the plain text 1> known ........... 6 

^termination of the Initial key applicable to * eerie* of 

Solution without the knoaledg* of say text ........ ? 



1. introduction. - ». *£h& 2, T. & *?. Cipher -Sachin* la coapoeeft of 
three essentially 'distinct unit an 

U? A teletype tranaaitter 

{”) A sixer 

(S) A teletype receive? 

£roa « ory. tographlo etandpoint, the. aacond of these three element » it the 
Only one In which we ere in created* It applies a running key to the iftdi- 
vidoal letter* of the pi* in text in a manner which will he fully dleomeeed 
in whet follow*. The first end third e? the foregoing elements are Merely 
the ordinary teletype Machines. If is aseuned that the reader has a general 
undemanding of the construction and principles underlying thee* printing 
telegraph device*, for coatwalsRce, the Baudot or 5-unit cod*? employed bj r 
the* is shown herein a* fig. 1. The explanation of the numrloal designa- 
tion* 2, 3, ... 7, will follow. 

b. Attached herwfo is * blueprint of the commotion diagram of the 
cipher printer unit. 

c. Alao attached hereto are tho cipher-oporntiflg in* tract! one ae pre- 
pared by the I. 7. i *i. vonpany {Appendix /.#>• 

2. Vaeorlptlon of the silxer. - j*. ! * : ho ni&er contain* tea toothed 
wheel*, mounted o a a oomcoa th&ft, in such a manner that they set* forward 
eiaaltaaeously one stop at a time. zho first wheel has t$ teeth end 
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i'i*. 1 

thereafter *a©h wheat has one teeth nore then the preceding ooe* «o that -the 
tenth one baa 106 teeth. After the proper switch has been cloned to set the 
miser into operation, the depression of an/ he/ on the transmitter keyboard 
aetuates the eteehaniee which wees the wheel* in the mixer. Corresponding to 
each eheel i» a switch which it mounted immediately bsfcina it end which £» 
acted upon by an irregular arrangement of notching* {that is, elevation* end 
depression#) on. the periphery of the wheel. {Shes* switches ere ehowa at the 
left in the accompanying blueprint, marked 1 to 10.) 

b. Alongside the eletetione end depressions on the periphery is a smooth 
band upon which are engraved the letters of the alphabet in their normal order, 
this permits the wheels to be set la initial positions according to a pre- 
arranged keyword which is visible only through a eerie# of 10 narrow elite 
arranged hori soot ally ir. a plate iatsadiately in front of the eerie* of cipher, 
wheels. Unless otherwise stated* it will be assumed that a dictionary word 
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is need at til# initial setting: of ihn lu whstl*. 

S. Action of the wiaer . • #. phe action ttf tbs wheels i# in pair* — 

1 vlth 2, 3 with 4, etr.o If two elevation* or two daps essloa* should occur 
•imltuneonsly on eaefc of the two member wheels of & pair of wfceeis, ««d 
should time a&use identical yoeltioaiag* of the rssyectivs switches ocntrollsd 
by thea, the ooa&leod effect is on# of snlUfioatica} thet it, in# resultant 
of similar sstiio^s pi’ tils two members of a pair of switches is aegs tive, and 
will hereafter be denoted % •* ihoald, however, on. elevation and <u dspressioa 
occur slsailtnneousiy, thy resultant action i« of the opposite type and is de- 
noted by 4 . This resultant action *f foots the inaivid^l impulses or units 
of the Baudot permutation represent in the jssaasge cher^oter. H#ro again 
the Interaction of two ilk# elements rssoXts in « that of two unlit# ele- 
sents, in. a 4* As a coo<6«:,a«Hcw, the five Baudot units represcnti^- each 
pin in- text ohsrJMstsr are independently affected, g;ivi ng a o#w set of five 
units in the Baudot cods which corresponds to the cipher letter* Shi# cipher 
letter is the on# which is printed at the receiver. 

b. The electrical principles undsrlyiac the d; ypto&rsphic treataani 
In this system art »uch that any one of the set of 3« permutation* mj he 
brought about by the enaiphcwaent of any letter, depending, of course, upon 
the keying character. 5Ssis beinf. the case it is obvious that the cipher text 
will be coutoftcu of h»tsrod#n«ous set.aenoes of 32 element*. tlnce the scrawl 
alphabet contains only M letters. It follows that ft of the 32 permutation* 
produced cryptographically by this asohine will have to h* represented by 

/ 

arbitrarily selected ohsrsoter# otfcsr than letters, these ft permutation# 
are the ones designated in Fib*. 1 by the numerals 2 to 7, inclusive, which 
designation* wire assigned these permutations by the 1. V. ft 5. Co. it Is 
therefor* obvious that the printed cipher tost will consist of intermixtures 
of letter# and figures, a serious disadvantage from the practical point of 
view of ecoaoop in cost of transmission. 

** 5 ** 



r 
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4. Principle* o t analy* it iorelwa. -a, the construction of the wiser 
i* euofe *• to preclude too possibility of wittier Interchanging the wheel* or 
of changing their notching** For this fc***oa «» *sy consider the necuance of 
cipher wheel* «M the eerlw* of eUvaUone and d*pre*»loa* on each thee I e» 
fixed element*, the ex*ot nature of which can he aaeer telned by the enweyr* 
¥hif iaforaetion can be obtained quit* readily by exeainlag one of the clear* 
end following out the procedure eat forth in subparagraph t>. 

h* The Method of nsasruining the notching* oc the wheel* of the nixor 
we* kindly farniahwi by the 1# 2* 4; T. Co., enc. reed* »a fellows t 

U1 Let the sixer to M$UA8AiA. 

{£) iiesove the top cover eo that the ^ovesost of the 
ivltofc operating lever* cen bo eeen. 

U) Prepare a record, sheet with 3$ colums end o' eaxiwe* 

9 1 105 line*, which should be euabsred on the right 
hand mr$ in* 

(4J hots down by *os» s/efeollsation in the odd-uuebered 
colnune whether the operating lever* ere in or out, 
and in the corresponding «v*n-nuM*e<r«d columns the 
letter* which dhow up in the windows. For the 
initial eettlag the operating Iwter* %Ui ell be in. 

AS] Throw the oKohlne into cipher and operate the *peoe 

her or *oy ether hey, noting on the reword elieet the 
position* of the 10 operating lever*. Thus, after 
the first operation of the specs bar, ell the opera- 
ting lever# will be pushed out end should be *o re- 
corded.. & % the next operetien of the space bar a 
variation viil begin to show. After 105 operation* 
of the epee* bar with the corresponding recording, 
the record ebeet will Chow the actual notching of 
•11 the wheel* and the proper relation of the key 
word letter* to that notching, 

«. A* regards the notchiag* on the cipher wheel*. If an elevation i* 

denoted by ~ end a d*j>r*#»iaa by 4, It is possible to eat dp ten slidable 

» 

•trip* which will correspond to the wheels. (See attached Pig. X] 

A. The eolation of a crypt ogre* enciphered by the mchlns therefor# 
reduces itself to discovering sorely the initial eat ting* of the wheel*, or 
their equivalent sliding strip*. 

5. reterwlaatloa of the kear for * single peis&go when a portion of the 
plain text t* known. - a. The const ruetlon of the taechia* i* *ocb that the 

i ' r , " , ' T “' ' r " r ~ T “ ,rr nir ,r ** 
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last thre* characters ©f mr; cipher message represent the Maw pl%in-text 
elements, fii«, *¥igwre Chtfh**, 'Vf% H ieiter tfeifV** iEee .sr* 5 of Appendix £1 ) 
these three character* correspond to the action of taking the anohins ©*t of 
cipher* In other eerds, stopping the oovomoat end the nation of the niter. 

In Addition, It my safely he assumed that the three cheroot ere i-aitmdlatsiy 
preceding those Jest mentioned ere "figure Udtt\ *SS% ’letter thifV% whieh 
correspond to the ’period’* ct the end of the astas^o Mtheogfr the pretence 
©f this groop ©f three ohurooter* la sot invariable, end la not ah © j lately 
eeaentiel to eolation, its existence till he eats used, in what folloea far the 
take of simplicity. 

h. Ieoh character element of the cipher text la the resultant of the 

internet ion of fifteen elecxat*} tamely, flee elements of the plain text (in 

Baudot code), end ten sixer wheels arranged in flea sets. let attention he 

directed for the pretest to the first tali of the cipher text, the first unit 

of the plain text, and mixer Wheel* 1 end £. The following: diagram makes thle 

clear. If the first elenmat of a letter of the cipher text is denoted by C , 

1 ■ 

the first clement of the plain-text letter by 1- , the partial keys 1 Intro (Sac ed 

1 

bj mixs r w h««i» l and 2) by K and % , and the resultant of X and £ by It , 

1 a l « rl 

the following graphical representation of the interaction of these elements 
can b# drawn opt 




k consideration of the foregoing representation will show that if any two 

of the final three elements are known, the third can he derived. 9t>r t if X 

ft 

It - and 1, thee Cj ie 4 since - and j ooabine to give 4 . On the other 

Mod, if ie known to he 4 **d to he 4, t hen a » i» obtained for k^. 



4 
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So mot* olwtly the ttops iat rolvcft la th* 

proa#**, £t »e aid fee wise to «*ny It «n*t atep fey *t#p, 

a* th« fallawifeg gra^KIcal repreoaftt^tioa of enei^tsorooo* {Kig. 4) 
fey «M6us of th# atrip# i« #^aiv#l*at tc» wfeat tfe# WMsfeia# <*»•• #ieetHc#lly* 
l«t th# «*»8«g# fee -HC:. *J3f »«s to fe# ^ Ivh tfet Ittltisl OUttittg’ 

Sicsa tfc* aw«3feie« aloe ooeipbar# th# «p»e*t fe#t*#*a word# (rep- 
robated fey tfe# &m*x* l M 9*) t th# pl*ia»t«xt elaneat# la th* llo# 

5? in the figure, are 3 bT 8, 
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d. i& the forego lug figure: 

(1) fcL* £'#£**'., 5? are the soccessif* Seeds! exponent* 

1 2 $ 4 B 

of ths ©orre»£.ojuUag plain-taxi; letters i» tha Une designated i v « 

(2) K , g a » t , It , ... E a^e th* electrically rapreawtsd 

* 3 8 4 10 

effects of the pxejesticne on Ilia wheels, 1, £, 3, 4, ... 10, 

(3) &_*» K „* E . It am the slsetrlcsOly rspressafctd, 

** s* rs r4 a® 

"~“" to of .oootoios Kl «e V * 8 «... V s s «* * g . *, «s R g , * g »« 
*10* 

(4| C,» C * c , C , C ay* the resultants of combining P, and 
**.»'« 5 * 

X ,, JP and X » «n4 K * and £ P_ and K and fir* 
rl £ r£ 3 *3,4 itf B t& 

(3) The Baudot components of the cipher letter* which are Man 
la the last line or lb* figure, designated by the letter C. 

(6) Tfc& sequence of 4** «ad -»# for IL, K , K . ate., fir* ob- 

* A S 

twined frera the strip* by reeding the sequence of sign* on strip 1 starting 

with Ij on strip 2 starting, with ftj on strip 5 storting with 3, etc* 

(?) Consider no* what takas plans in the jalxer. The striking 

p I? J* I* I s 

of Key *1" in the tre.jiswd.4ter sands tfe* fits impulses * * $ * 5 * 

4 4 ■* ** “ 

Wheals 1 *nd 8 internet to git* H 

Wheels 3 sad 4 internet to git* (4) (4) 5 (*-)h jf2 

thesis 6 find 6 interact to give {-U4jl * (4)S ff g 

%’fceele 7 find 8 Interact to git* (-l(-) £ 
t heels 9 and 10 interact to girt (4)(“) 5 M&jg 

(8) The resultant keys now intemot with the «kwat< of the 
plftlte-4e>i letter to give the tleawnts of the cipher letter as follows* 

P 1 141 K rl H - W> c i 
14) K yjt (-) ; (4|C g 

^3 W **s UJ 2 U)0 5 

■^4 ^ ^r4 ^ * t~)^4 
ig (*) ^yg (4) x (4)0^ 



7 
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The five cipher iaqpulws 444-4 lc&v» the oixer end 
th« l«fct«r £ appear* on the receiving <t»chiii* »* the first cipher letter* 
Carrying out all these steps in order, the second plain-text loiter ^ 
become* cipher K* The reader Is advised to carry out ell these steps in 
detail In order to gain ft dourer ttftderetanaiag of Wise follow*. 

«. Unas the l&et six character* of the plain text sod of the cipher 
text ere known (H^urw Lhlit-H-Latter ^hlft/Plg&r* IhifW-lettsr shift) , 
the resoltest ^ need to encipher the last sis character* <?f the plain text 
eon he derived* one get* as a result five set* of eix characters each 
eorreepcRd&ng to six lapmlsas of K^, £^, ... £ , respectively. The 
prohlaa now is to tint, the ssttii*,* of the wheels which will give these 
**<*0*0005 of six known character* iu each ?. p . The reasoning is applied to 
one pair of wheels at a tine. 



f . The application of the theory outlined shore is exemplified in the 

1 

solution of the following aessug* ; 



(1) The sssssget 

? S ^ E 5 C Af 4 H it 15 V C 6 

U158 1U&0 1 B 2 4 T 

5 1? f x 3 mu i v a c-T^TTTT’c* 



Total length of 
enciphered text 
is exactly ITS 
characters. 



if) The last six characters ere written out with their Baudot 



code equivalent* and their dssuswd. plain-text equivalents, ae follow*: 

Cipher text* S St 2 u S’ G 

— - - 4 4 — 

— — — 4 4 “ 

4 4 - 4 ~ ~ 

4 4- - « 4 

— 4 4 4 4 4 

Pig. let. fig. let. 
i lain text* • ; h. h &h« Lfc. <T fch. 

4-4444 

4-4 444 

— 44 — ■*» 4 

4 4 4 4 4 4 

4 4 4 4 -4 



This wee Message ho* ?, let i., of the test sassage* subedited by the 
pfertesfent of state in eomsee* ion with th* stuq^ rssde for th«* to determine th« 
degree of cryptographic security afforded fey the eschine. The ooaplete «see- 
se&t? will he found ia Spends* 3 . 
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Corresponding portion* of the resultant kaye obt&iosd by coafcialng 
the forego la*f t*o ewte of syribelst 

1~2 4 m 4 * — 4 

25*6 4 — 4 * 4 

5-5 4 * 4 4-4 

?♦$ » » 4 4 4* 

§•10 4 — — ~ 4 — 

13/ An »xp«ri^tn* is so* Instituted to find a setting of 
alter wheels 1 and 2 which will yield * result- at key cooposed of the se- 
quence 4 • 4 » - 4» seeb that, *Um m retro^reesio n of 176*6 or 1st steps 
«a each wheel is mfe, the tee letter* ow*i*>£ the iaiii&i poeltions of the 
first end second cipher wheels rill give two letters which ni ; ;ht fore the 
initial digraph of ft probable 10-lett sr keyword. If the position thus found 
for each of these two wheels is not such ft* to brine their desig&at lag 
letters exactly io front of the slit thrown which they were visible tg 
keying letters et tbs beginning of the encipherment of this aeesage, it is 
autowetietUy excluded, purthensors, only 2ft different initial settles 
seed be oonsi dared at the mx±mm, The detailed reasoning oft which this 
refection in nnai&ar of possible initial setting* to s meximuz of 26 is 

based is as foiiwer lisee the cipher wheels of the mixer ere set up 

# 

aacording to * keyword st the beginning of the euoiphemwBt of a nessage, 
it is obvious that in this method of use ac ftdvtusfcege is taken of tbs aex* 
ism initiel positioning possibilities of the cipher wheels, lor example, 
the periphery of the first wheel has 96 teeth) this uoee not ween, however, 
that there *r* 96 possible initial sett lege of this wheel to be considered 
in this phase of the cryptanalysis of the ■y#t«a. for, on settle# up the 
wheels ftooordiag to a keyword whieh is risible only through the narrow 
slit referred to under paragraph 2b, only 26 different initial settings 
ere brought into play, thus, the eerie* of 9ft potential initiel settings 
become redoosd to but 2ft. 

\fy The foregoing procedure le followed for each pair of 
wheels. She experiaent pressed* ■sore rapidly if letter combination* are 
s-t up first and the resulting K p at a dietans* of 169 letters is ooapared 
*. 1th the desired * , 
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(5 1 tot tills particular orsapl*, the follcslng possibilities 



for tbs eorrsspondlRg thesis ar* fot*ad? 
1-8 3— * 6-6 
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* So test need be se*de for 7-9 bosuns* ifcU9? looks Ilk* * 
possible ceding* KS Is fosad to yield a possibility sad this 
an&irsg Is *g«uos4 to be correct* It 1c sog&sstsd that 
wheels 9-10 be tooted first >» the results obtained thsrs «*y 
girt * els* so to the oa& ia^ of thw keyword* 



Ifco rosso a for the rolotisely greri austbsr of letters on the odd wheels 
Is doe feo their- rsgtderity* ■ Inspection sill shoe the t those wheel* or* 
wisest emolss lvoly coapceod of eh eitormtloa of 4 usd Clem soy pos- 



sible ooeb2ettloh» »«eh *• Uc* on wheels 1 sod 2» *11 the eehbiafctio&s sodisg 
la r mq> written town «* onoe without «ny edfi’icelty. 

(6J fees the** eoe&isetloss of letters e study of poawifel* 
sad probable keyword* Is **de. £* « setter of interest, the keyword 

*tt* guessed lift this css*, Old prosed to b* the correct om, 'The 
beginning of the aessege roods? 



Ilfctillif U* H C f,5 

- IS - 



♦ * • 
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1st general, it is not neeessa ay to have tins correct 
sotting for »U ten wheels buforw text can be found. If tbs proper pe~ 
sitions ofjbg* two pairs oi ttht-els are found* it, is. possible to Halt 
eeoh letter of the .plain tost to pro of eiafrt possibilities mfk a port 
of the text toy few gasB&od . fMa method *ili bo fully Illustrated X filer. 

S* bsteraiaatlon of. the initial key mpzlimblts to ft series of 
MssdsiCB. - «• Tn* foregoing analysis is based upon the method of use 
of the aeohifl# in Which the cipher stool* of the mixer are reset to « 
new keyword for each *»**««» bo be enciphered,, not her method of use 
is that in sltich the vtosls era brought to bo initial setting es determined 
by & keyword and message# ore then seeiptorod sequentially without resetting 
the sixer wheels. 

b. ftiven suoh a set of mah Meseeges^ the procedure of analysis is 
More simple ioaxaaeh aa the endings of fcU the messages fcaeoiae eta liable 
for study* ifcua, suppose there ore four toqusn* tosesgesi instead of 
having but a dingle set of six etoraotars available for study, four sets 
of six oharuotitrs spaaed at intervals corresponding; to the lengths af 
the various sassage# are aee at toad* She nushsr of possible initial 
totting* for the sixer wheals is thus greatly reduced* for generally only 
one can be found shlefe till yield the requisite four sets of six characters 
properly spaced in the text* 

c. If the group of messages studied doss cot begin with the initial 
one of the .series, tha procedure differ* only in that a keyword om m 
longer be sought and need as a basis for elinineting possibilities. 

in such a o&to* feovsvar, the ftaah^r of possibilities is very *«all} ah- 
actual teat on four ms sagos yielded but one possible setting for each pair 
of stoele* by preaeefiii* backwards from the initial setting for this group 
of messages, the original Keyword sotting was found, even though t to Initial 
weaaage of the sequence eas not furnished. 



REF ID:A4148©L4 



7 . Solatios vitbottt th* knowledge ef my plain tsjct. - *, 1 % It pos- 
sible to sole# swssagee stwiphersd by this sasehltt* asking my 

stsrapti one sbout the plaits Uit. 2 fc* solution in this com torts os * 

- fretjasney tools. Zt hoppsos Shot tbs weighted ftrsqaeaeies of 4 *&& * 
anils in th* Baudot eod* ora not e^asl. Thus, ea»*Sd*r the first unit 
of oaoh porcatotiofi la the codsj 14 or* 4 sad 14 or* «... If «oob of thss* 
4*t end to wight*© with tho frwtaeney of th* eterseter it r»pr«**ats, 
o relative frscueocy of .8® for f sad .64 for - Is obtains© shoeing %elts 
a discrepancy betwssa tho too. The sons kind of osxaaloUoa sea bo sod* 
for th# other positions of the Baudot impulses, r# t> shoe a tho ooo- 
plot# tabulation. In stery ess* hat the third, the ** r s prsdwsinat*. This 



foot fora* th* basis of the solution. 
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of 4 sold - la ileasnt* of BmUot 
ittsrs reduasd ts 1800 — t.S.fsl. 


Sods 

feet. 


1 


1st 




T 

4 . 

I 

f 


End 


— 

■ 


3rd 


■ 


4th 




5th 




4 


4 » 


1 

I 


* 


• 


4 


m 


4 


• 


f 


- 


ft 


C 93 






& 72 


B 11 


C 33 


A 72 


B U 


4 78 


B 11 


A 78 


» ll 


0 id 






0 38 


O 40 


»30 


B 11 


0 88 


6 126 


0 16 


C 93 


Id «o 


II 33 






G 16 


S 126 5 H 33 


P 40 


D 40 


3 83 


II 28 


3 40 


X 136 


i n 






1 76 


3? 30 I 1 76 


SJ 186 


y to 


l 76 


l 34 


K 186 


7 90 


L 34 






J 8 


B 93 


X 8 


a it 


a is 


l 36 


K JW 


f 30 


Jr 3 


U 35 






3f 3 


U SB 


X 86 


3 3 . 


J 2 


i* *7 


© 74 


1 74 


X 9 


I 74 






l 24 


9 76 


8 76 


1 84 


K 3 


* 3 


V 27 


3 2 


a 9 


0 74 






if 27 


0 74 


S' 87 


0 74 


It 25 


6 SO 


h 8 


£ 8 


8 69 


JP 37 






a s 


6 St 


U 8 


S 83 


X 76 


« 90 


5 90 


8 76 


0 90 


» 98 






K 69 


f 90 


0 68 


f 90 


© 74 


y so 


V 19 


H 83 


it 14 


f 90 






0 30 


t& 


y 9© 


« 14 


2 93 


V 14 


V 14 


£ 98 


X 9 


V 19 






Y 13 


t 21 


Y 13 


i> 1 


Y 15 


Y 81 


X 6 


0 80 


I 31 


8 190 




* 14 


£ 1 


X 6 


2 10 


X« 


2 1 


I SI 


3 160 


X 1 


6 0 






3 10 


3 160 


t 21 


S 0 


2 10 


3 180 


% 1 


5 © 


8 10 


ft 0 






4 10 


6 0 


3 19© 


6 0 


4 10 


6 a 


2 10 


6 © 


4 10 


7 © 






5 0 


7 0 


4 10 


7 © 


7 0 


6 © 


4 10 


7 0 


434 


744 






480 


770 


683 . 


377 


433 


767 


391 


809 


| »6.S> 


43*7$J 






44.8,1 


61.8^ 


48.2^ 


B6.©£ 


64.0^ 


9*.4£ 


67.4J 



fig. 5 

b. Consider the following aossego^t 



4im h it 6 F i 3t 6 n h 4 X i 21 I if 

incB u wo 3 « c ;i i u f a <« 4 cun 

r — — — * 

Shis os* Beeeags ho. 4 of hot it. See footnote 1 to leg* 6. fhe soqplst* 
e»s sags Will bo found la Appendix II. 

«*■ 18 » 
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li) /.Mifft to s&sh character of the *#«**&« it* Baudot 
eouiveieftt, in# the impulse* in ft** coiuaae to eorraepoad to tho 



fit* i opulaee of the Baudot ooti*» tltsjoa the *. re eta at difference In tho 
relative frequencies exists in tne fourth and fifth position*, 1st these 
too positions he considered float. Lot « setting of wheel* 9 *ai 10 ho 
***¥u**d ouch #* till give * fmu&it digraph ending. Apply tho resultant 
key thtto obtained to the loot element* of tho aeurtct equivalents using the 
is** of coaMaeticn already described. 2fco result 1* a series of 4 f » *»d 
*» t *i find their relative frequency. If tho relative frequency Of -*• does 
not approximate the theoretic*! frequency, the setting ie discarded *md 
another tested. It see found by actual trial that the (ueount of text 
required for t definite result is not vef; crest* In too* oases sixty 
loiters were found to be sufficient, let the test m «&*<;« be followed 
In soae detail. 



4 S S 7 Q 


«J If £ d k' 


K it 5 55 Y 


0^41 


4 4 ** ** 


4 7* ^ « «* 


'4 - • 4 4 


. | a w ^ 


4 - - - - 4 


a a » « ^ 
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«* 4 ■— — — 


■*!» ** e* <m» •«* 
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4 - * 4 4 


*««£ *• 'tm M 


4 4 - 4 - 


•* «* •» 4 


| » 4 " 4 


sea* ^ 


. - 4 - - 4 


« 4 4 



if the keyword is assumed to end in 00 , there result#* 

0 — K 4 — 4 — 4 — 4 — 4 ■ , * 1, 4 - 4-4 ••• oto. 

9 

S — • * * etc. 

^«ewo<Heeeiwas*i»^eMew»^sewepeeee a i Li i a *«>a*s*»ffaa*iwaw*»a*aa*m^t ^* *eiaM ■»» »* *»»» 

4 — 4 ■ 4 — 4— 4 — ■— 4 — 4 — — * * * etc. 



* • . • 



vh* interaction, of £ _ with C_ yield** 

TOO; 

K^, 4 * 4 4 " 4 * 4 “ * 4 " 4 * * • • * et®. 

Cg 4--»4“4*' — , “-4 , *4* , ’‘ — 4 • •• etc. 

>e um' mtim . ! " ■■ n+mtmmx* 

p *«*»444 — 4 — 4444 — 4 ••» ®tc« 

5 

&fter sixty letter* tod been need, it see found that there were thirty 4*c- 



ead thirty -*#. This evened to be sufficient inalcation that OK was wrong. 

* 1 9 «* 
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(2) i'hfc roll owing; table {;$*&# the frequencies obtained 
for the various onflizv* i&eted* 
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illative frequency of Minus 
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.50 
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•46 
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105 


45 


150 
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how eraall in ssuune of text is needed to &tni reliable re salts 



(3} ,'S i* obviously *a excellent possibility. Assnae It 

to tie correct end prooeod eiriilarly with ,-uixer«»>h«6l pair *7-8. The 
ounbor of possibilities is further limited In that now t good tetrsgrapli 
aadin# is desired. *i'he digraph. *X Is tried first* 

■•*■ ’ 4 Total ' Point ive frequency of Slime 

M .' 6B « ' 10 .72 

(4) $*r i 1* obviously on excellent possibility. Instead 
of carrying througjh this preoess now for tho ranaining- wheel *, the work 
©an ha shortened as follows: 

id) The key . . • Til; is applied to the lest too elements of 
tho .Baudot equivalent* obtaining for the first fifteen ohureotorsi 

4 • • * • 

(61 vnljf fai^ht letters non correspond in each case to the 
coMbinetlon obtained. 

{7\ ritfc these sets in their proper order. 

6 » .‘i . « ^ . f . • . . 
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fft} Itttr soma »««r«h it »«» fewwl that th» 



S£1?CB8QF$T8&8 *.* . S«» ihe li rut act hod out 11 Ml undsr ^ara^raph 
0 Is appllsd to find th* «oa®»l#t* Jtsjftordj sbluh 1* found to Is* hMwBiai^S 



o* 'Xis» procccur* Is slwtUr for a t*rle« of se »**£**• 



